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Due to high demand in food production, farmers have been applying high level of synthetic fertilizer in farm 
that often led to degradation of soil quality. Thus, application of fertilizer in a sustainable way will help to 
improve the soil quality. To evaluate the effect of different fertilizer application on soil fertility under polyculture 
cropping system (okra, water spinach and yard long bean), an open field experiment was conducted in the oil 
palm reclamation soil at the research farm in Innovation Centre in Agritechnology for Advanced Bioprocessing 
(ICA) UTM-Pagoh. The experiment was carried out with randomized complete block design (RCBD) with three 
replications for each treatment. There were five treatments involved which were: (T1) no fertilizer, (T2) organic 
fertilizer, (T3) inorganic fertilizer, (T4) organic-inorganic compound fertilizer and (T5) organic + inorganic 
fertilizer.  The initial and final soil samples were collected to study the effect of different types of commercial 
fertilizer application on soil pH, electrical conductivity (EC), moisture content, bulk density, C/N ratio and 
nutrients (P and K) contents in the soil surface layer (0–15 cm) of the experimented site for 14 weeks. This 
study was conducted at an oil palm reclamation land consists of sandy loam soil.  Results showed that the soil 
pH was lowest with an average of 6.05 units in T5 and was significantly higher in T1 (8.23 units). The EC value 
in T5 is highest with 172.4 ds/m and lowest in T1 with an average of 25.5 ds/m. T5 showed the highest soil 
moisture with 15.81%. Bulk density showed no significant different among all the treatment with the highest 
value was in T4 (1.22g/cm3) and lowest in T3 (1.05g/cm3). The average amounts of C/N ratio ranged from 
11.11 to 13.60 between all treatments with the highest ratio in T4 (13.6). The average P and K contents were 
highest in T5 (1564.7 mg/kg and 1056.2 mg/kg). Thus, it showed that the application with the mixture of 
organic and inorganic fertilizer (T5) able to improve the soil fertility which previously showed lower moisture 
and nutrient contents. 
 






Polyculture technique had become one of the common agriculture practices especially in sustainable agriculture. 
This technique involved growing of more than two types of crops in the same land area. Polyculture can 
maximize the land space usage, utilized soil nutrient and improve soil fertility (Finney & Kaye, 2017). Common 
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need of plant such as water and light can be used more efficiently by different types of crops at the same growing 
season. Polyculture affects the plant diversity in an agroecosystem which  improved the pollination among the 
plants  (Iverson et al., 2014). Variety of plants species contribute to high root production which increased the 
belowground input of soil organic matter (Cong et al., 2015).  Legumes are one of the common types of plants 
used in the polyculture. It was usually intercropped with the cereal. Legumes help in nitrogen fixation which 
contributing to the increase of cereal production (Dahmardeh et al., 2010). Reduced soil fertility has caused 
reduction in crop yield due to the lack of the nutrient and low fertilizer application (Baghdadi et al., 2018). The 
practised of intercropping with legumes allows lowered nutrient input due to the nitrogen fixation properties. 
 
There are few types of fertilizer commonly used in the agriculture sector which were organic, organic inorganic 
compound and inorganic fertilizer. Organic fertilizer is made of organic matter through systematic composting 
process while inorganic fertilizer is consisting of pure chemicals. Recently, new types of compound fertilizer 
that compressed organic matters with chemical fertilizer is trending in Malaysia market. Organic fertilizer had 
slow rate of decomposition and the nutrient content mostly depending on types of materials used whereas 
inorganic fertilizer also known as chemical fertilizer had high nutrient content and can be easily taken up by 
plants and soil. However, too much used of inorganic fertilizer can affect the soil condition which can cause 
problems such as contamination, acidification and nutrient loss (Han et al., 2016). Organic fertilizer increased 
microbial activity better than the inorganic fertilizer, however, the nutrient release is not immediate (Nakhro & 
Dkhar, 2010). This study was conducted to study the effect on the soil carbon, nitrogen, pH and nutrient content 
treated different types of fertilizer (organic fertilizer, inorganic fertilizer, organic inorganic compound fertilizer) 
under polyculture of okra, water spinach and yard long bean. The NPK application rate for all treatments was 
based on the nutrient requirement of okra only with the assumption the polyculture system able to reduce the 
nutrient input. This study hypothesized that different types of fertilizer application in polyculture system will 
affect the soil fertility in terms of soil pH and nutrient contents. 
 
 




ICA UTM-Pagoh research farm (2°09'19.9"N 102°44'00.2"E) is situated in Muar, Johor. The elevation above 
sea level 22 meters / 72.18 feet and has a tropical climate. Pagoh is a city with a significant rainfall with average 
rainfall 2125 mm. Even in the driest month there is a lot of rain. The average temperature in Pagoh is 26.9 °C 
with average daily relative humidity for around 82%. The average monthly amount of precipitation has been 
recorded at around 177 mm. The average daily wind around 5 km/h, that’s the equivalent to about 3 mph, or 3 
knots. In recent years the maximum sustained wind speed has reached 65 km/h, that’s the equivalent of around 
40 mph, or 35 knots. This study began in Jun until October 2018 and was conducted in an experimental field 
located in ICA UTM-Pagoh. The area was surrounded by the oil palm plantation area and the area used for the 




The experiment involved fertilizer application under polyculture cropping system. Okra, yard long bean and 
water spinach were transplanted together on the field. The experiment was conducted with randomized 
complete block design (RCBD) with three replicate or plots for each treatment with the size of 4m2 (4mx1m) 
each plot. The planting distance of okra and yard long bean were 0.5m and 0.5m distance between and within 
rows. Whereas for the water spinach planting distance was 0.3m and 0.5m distance between and within rows.  
There were five treatment included: no fertilizer (T1), organic fertilizer (T2), inorganic fertilizer (T3), organic 
inorganic compound fertilizer (T4), organic + inorganic fertilizer (T5). The study was conducted in three 
replications for each treatment with the arrangement of randomized block design with total of 15 plots. The 
plot for each of treatments were 2m2 (2m x 1m) and separated by a distance of 1m from each of the plots. The 
fertilizer rate application was applied based on the NPK requirement of okra recommended by Department of 
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Agriculture Malaysia which is 24:24:24 g per m3. The fertilizers were applied five times during the experiment 
which was applied on the 1st, 2nd, 6th, 10th and 14th week of the study. The rate of fertilizer application was 
shown in table 1.  
 
 
Table 1: The application rate of fertilizer 
Treatments (g/row) 
Weeks  T1 T2 T3 T4 
T5 
Organic Inorganic 
1 0 533 100 267 267 50 
2 0 667 125 333 333 63 
6 0 667 125 333 333 63 
10 0 667 125 333 333 63 
14 0 667 125 333 333 63 
 
Soil sampling and data collection 
 
Initial and final soil sampling was done before the planting and on the 14th week of the experiment. Soils 
samples were collected from all the plots at the soil depth of 0-15cm depth. The soils were analysed for the pH, 
EC, soil moisture, bulk density, C/N ratio P and K contents. The pH and EC value of the soil was measured in 
a 1:2 (w/v) soil/water using pH metre Mettler Toledo (McLean, 1983). The moisture content was determined 
by drying with oven (Memmert) at 105°C until reached constant weight (ISO, B., 2015). The bulk density was 
determined by dividing dry weight of soil with known volume of aluminium ring (USDA, 2014).  The total 
carbon and total nitrogen was analysed via Dumas method with CHNS analyser (ELEMENTAR, Germany) 
based on standard method ISO 16948:2015  and the C/N ratio was estimated based on the analysis results (ISO, 




The results were evaluated using Statistical Packages for Social Sciences (SPSS). One-way of variance (ANOVA) 
and Duncan’s multiple comparisons were performed to determine the differences among the fertilizer 
treatments in terms of the soil properties. Means comparisons between treatments were performed at p<0.05. 
 
 
RESULTS AND DISCUSSION 
 
Initial soil properties  
 
The soil analysis was conducted before the experiment where the value of the soil pH, EC, C/N ratio, P and K 
values were recorded as presented in Table 1. The soil is classified as sandy loam.  
 
 
Table 2. Soil properties before the experiment. 
Determinations Values 
pH 5.42 
EC (dSm-1) 64.3 
C/N Ratio 16.74 
P (mg/kg) 846.12  






Effect of different types of fertilizer treatments on soil pH  
 
The average soil pH change was shown in Fig.1. Statistical analysis revealed that fertilization treatments led to 
a significant increased in all the treatments between 12% and 52%. The lowest soil pH increment was in T5  
and the highest soil pH increased was in T1. The untreated soil showed an increase in pH value although no 
fertilizer was added. This might be caused by the organic matter input from wilt leaves, dead root and weed in 
T1 that contributes in anions changes and lead to pH increase in the soil (McCauley, 2009). 
 
The organic treatment had higher pH value than the inorganic treatment which can be supported by the research 
conducted by Han et al. (2016) and Islam et al. (2017) whereby the chemical fertilizer decreased the soil pH 
while the manure helps to increase the pH value of soil. Several studies suggested application of organic matter 
such as manure, composts, green wastes and sedge peat in an acidic soil resulted in increased of soil pH (Hue, 
1992; Whalen et al., 2000; Wong et al., 1998). 
 
Nobile et al. (2020) reported the soil pH reduced after the mineral fertilization and increased in the soil applied 
with the organic fertilizer within 10 years of observation. This can be due to decarboxylation of carboxylic 
groups borne by the organic matter in the organic fertilizers applied.  The organic matters buffer the soil pH 
which then increases pH of an acidic soil. Crop residues contained anions during the few weeks of initial decay 
period, thus soil pH will increase (McCauley et al., 2009). In this study, the experiment field has a slight acidic 
soil which is about 5.4. The carboxyl and phenolic hydroxyl organic acid in organic matters can act as a buffer 
in acidic soil (Liang et al., 2012). Soil acidity changes due to the soil nitrogen level in the soil which determines 
the soil acidity value. Excess nutrient from the harvested plant and high nitrate leaching may lead to high 
acidification. The cations and anions uptake caused by process of nitrification lead to the addition of the proton 
on the soil, eventually reduce the soil pH value. Soil became acidic if the plant absorbed more cations rather 
than anion (Campbell and Zentner, 1984). According to Laurent et al. (2020), long application of the organic 
fertilizer on soil will increased the soil pH value compared to the mineral fertilization which caused the soil to 
be acidic.  
 
 
Fig 1. Effect of treatments on pH value (Mean ±SD) of oil palm reclamation soil. T1: No fertilizer, T2: Organic 
fertilizer, T3: Inorganic fertilizer, T4: Organic inorganic compound fertilizer, T5: Organic + inorganic fertilizer. Mean for 
treatment followed by the different letters are significantly different (Duncan, P≤0.05). 
 
Effect of different types of fertilizer treatments on soil EC 
 
Inorganic fertilizer increased significantly when compared with other treatments. This was supported by the 
research done by Ozlu & Kumar (2018) where the soil applied with inorganic fertilizer has 33% higher EC than 
the manure fertilizer. The soil EC value recorded was significantly different among the different types of 
fertilizer application. The application of mixture of organic and inorganic fertilizer (T5) resulted in highest EC 
level and the lowest EC level was obtained in T1 where there is no fertilizer was applied. The treatment 
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organic fertilizer. The increased of the EC might due to the nutrient released from the applied fertilizer which 
contributed to high EC value (Carmo et al., 2016).  
 
The high EC after inorganic fertilizer application suggested accumulation of excessive salt and nitrate in the soil 
(Ju et al., 2007). Soil EC is commonly used as an indicator for soil salinity in agriculture soil (Corwin & Lesch, 
2003). The results of this study showed the application of inorganic fertilizer with and without the mix of organic 
fertilizer will increase the potential of soil salinity. However, the high soil EC also suggests potential of 
accumulation of nitrate in soil. Nitrogen is a labile compound which tends to loss to environment through 
leaching and runoff which can impact the surface water (Choudhury and Kennedy, 2005).  
 
The result obtained in T2 showed decreased in EC value in which opposite with the research reported where 
the soil EC values in the soil treated with manure showed higher value when compared to the control over 10 
years application and soil salinity in the soil treated with the low manure tend to increase to 20.4mg/h over 25 
years application (Hao and Chang, 2003). Previous research showed application of the manure and compost 
tends to increase the EC value which is closely related to the amount of the organic matter. High organic matter 
indicating high EC value in the soil (Walker and Bernal, 2008) . Additional organic matter increases the microbial 
activity in the soil and resulted in the increased of EC value over the high organic matter content (Zhang et al., 
2015). Low EC value in T2 can be due to low nutrient release in the soil as it will also decrease the EC value 
(Othaman, 2020). Thus, further research should be conducted on the nutrient loss from different fertilizer 
application to evaluate the environment impact. 
 
 
Fig 2. Effect of treatments on EC (Mean ±SD) of oil palm reclamation soil. T1: No fertilizer, T2: Organic fertilizer, T3: 
Inorganic fertilizer, T4: Organic inorganic compound fertilizer, T5: Organic + inorganic fertilizer. Means for treatment 
followed by the different   letters are significantly different (Duncan, P≤0.05). 
 
Effect of different types of fertilizer treatments on soil moisture 
 
T5 reported highest soil moisture content. This might be the due to higher weed vegetation observed at T5 plot. 
A study suggested, nitrogen fertilized soil resulted in higher weed density (Arif, et al., 2013).  This is supported 
by high EC results in T5 which indicated high nutrient availability in T5. The vegetation density plays an 
important role in subsurface soil moisture (Atchley and Maxwell, 2011). The moisture content in organic 
fertilizer applied soil (T2) was significantly higher than the inorganic (T3), which can be supported by Song et 
al. (2010), the plot applied with organic manure had high moisture content than the inorganic fertilizer. Oad et 
al. (2004) reported that the application of combined inorganic and organic fertilizer increased soil moisture.  
Application of organic fertilizer reduced the soil bulk density and increased soil moisture. Higher concentration 
of organic fertilizer applied, give higher soil moisture content. With improved soil physical properties, the water 




























Fig 3. Effect of treatments on moisture (Mean ±SD) of oil palm reclamation soil. T1: No fertilizer, T2: Organic 
fertilizer, T3: Inorganic fertilizer, T4: Organic inorganic compound fertilizer, T5: Organic + inorganic fertilizer. Means 
for treatment followed by the different   letters are significantly different (Duncan, P≤0.05). 
 
Effect of different fertilizer treatments on bulk density 
 
T4 showed the highest bulk density whereas T3 had the lowest bulk density. The inorganic treatment showed 
lower bulk density compared with the organic. However, there was no significant difference among all the 
treatment for the soil bulk density. This is supported by Celik et al. (2010) and Rong et al (2016) who observed 
that addition of both organic materials and chemical fertilizer can lower the bulk density content and increase 
the organic matter and soil porosity. The bulk density reduced with the decreased of the soil compaction by 
increasing the soil organic matter (Massah and Azadegan, 2016; Subhan et al., 2017). However, the changes of 
soil bulk density might require long term application of farm input. A 71 years research at semiarid soil of 
manure application reported the soil bulk density and water retention was improved with long term manure 
application (Blanco-Canqui et al., 2015). Therefore, it is suggested to increase the experiment time from 1 crop 
cycle to at least 3-5 cycles in order to be able to understand the impact of different fertilizer application towards 
soil bulk density. Based on the results, there was no significant difference bulk density between organic and 




Fig 4. Effect of treatments on bulk density (Mean ±SD) of oil palm reclamation soil. T1: No fertilizer, T2: Organic 
fertilizer, T3: Inorganic fertilizer, T4: Organic inorganic compound fertilizer, T5: Organic + inorganic fertilizer. Means 
for treatment followed by the different   letters are significantly different (Duncan, P≤0.05). 
  
Effect of different types of fertilizer treatments on C/N ratio 
 
Figure 4 showed the average C/N ratio. The soil C/N ratio decreased at about 21% to 34% in all treatments at 
the end of the study. T4 showed higher C/N ratio compared to the organic (T2) and inorganic (T3) treatment. 
Numerous studies suggested long term intensive fertilization either with organic or inorganic fertilizer will lead 
to decrease of soil C/N ratio and organic matter and the decrease of soil C/N ratio was significant higher in 













































Sommerfeldt, 1988). Research conducted by Ge et al. (2018) showed high C/N ratio indicating high 
accumulation of the SOC while low C/N ratio showed higher rate of mineralization in C concentration. Tong 
et al. (2009) reported the C/N ratio of exogenous materials plays an important role in accumulation and 
mineralization of total nitrogen and soil carbon contents in soils. Mineralization process become slow in short-
term due to the high C/N ratio and will varied depends on the soil physical properties. 
 
 
Fig 5. Effect of treatments on C/N ratio (Mean ±SD) of oil palm reclamation soil. T1: No fertilizer, T2: Organic 
fertilizer, T3: Inorganic fertilizer, T4: Organic inorganic compound fertilizer, T5: Organic + inorganic fertilizer. Means 
for treatment followed by the different   letters are significantly different (Duncan, P≤0.05). 
 
Effect of different fertilizer treatments on P and K changes 
 
The result showed that T5 had the highest increased of P, which is by 85%.  This shows that the application of 
both organic and inorganic fertilizer resulted in higher P accumulation in soil. Results from Mohd et al. (2013) 
proved that the application of organic fertilizer in combination with chemical fertilizer improved soil fertility, 
which are reflected by the increase in exchangeable K, Ca and Mg, CEC, total N, total C and available P.  
Combination of the organic and inorganic fertilizer enhanced the P and K content in soil (Mahmood et al., 
2017). The mean values for the K content were decreased for all the treatment except T5 that showed an 
increased by 13%. The single application of the organic (T2) and inorganic (T3) showed a decreased as compared 
to the combine application. A study reported differently, whereby the concentrations of K were higher in soils 
amended with varies composted organic matter such as cotton gin trash, yard waste and cattle manure than 
chemical fertilizer amendments (Bulluck Iii et al., 2002). Soil treated with both organic and inorganic fertilizer 
showed increment of phosphorus and potassium stock in soil. The excess P and K stock are at risk for loss if 
not utilized by plant. Interestingly, even though each treatment were applied at the same N, P, K rate, but the 
soil P, K stock were increased at a different rate. Further investigation on the micronutrient flow between soil, 
fertilizer and plant will help to understand the interaction mechanism of nutrient from organic and inorganic 



















































Fig 6. Effect of treatments on P and K (Mean ±SD)  of oil palm reclamation soil.. T1: No fertilizer, T2: Organic 
fertilizer, T3: Inorganic fertilizer, T4 : Organic inorganic compound fertilizer, T5 : Organic + inorganic fertilizer. Means 




Based on the data, application of organic and inorganic mixture, T5 increases the EC, soil moisture, P and K 
contents as compared to other fertilizer treatments. It can be concluded that, the soil fertility can be improved 
by the application of combination of organic and inorganic fertilizer T5. In addition the pH results of T2 
suggested organic fertilizer able to improve soil pH especially for acidic soil which is a common challenge with 
oil palm plantation that applied excessive chemical fertilizer. In addition, increase soil moisture content observed 
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